Abstract. This study investigated the expression of RASSF1A and SIRT6 in non-small cell lung cancer (NSCLC) and its relationship with clinical prognosis. The expression in 122 cases of NSCLC tissues (NSCLC group) and 122 cases of normal lung tissues (NOR group) during the same period were detected by immunohistochemical Super Pic Ture TM Polymer two-step method, and the relationship between its expression and the clinicopathological features and prognosis of patients was analyzed. The positive expression rates of RASSF1A and SIRT6 in NSCLC group were lower than those in the normal group (55.74 vs. 84.43% and 52.46 vs. 82.49%, P<0.01). The differences in expression intensity of RASSF1A in NSCLC tissues between different tumor pathological types, tumor differentiation degrees and lymph node metastases were statistically significant, and the differences in expression intensity of SIRT6 between different TNM stages, tumor differentiation degrees and lymph node metastases were statistically significant. There was a positive correlation between the expression of RASSF1A and SIRT6 in NSCLC group (r=0.532, P<0.01). The 3-year survival rate of patients with high-expression of RASSF1A was higher than in those with low-expression of RASSF1A (81.33 vs. 39.45%, log-rank χ 2 =19,102, P<0.01); the 3-year survival rate of patients with high-expression of SIRT6 was higher than in those with low-expression of SIRT6 (83.51 vs. 42.43%, log-rank χ 2 =17,180, P<0.01). The low expression of RASSF1A and SIRT6 and lymph node metastasis were the risk factors affecting the prognosis of NSCLC patients. There is a better correlation between the expression of RASSF1A and SIRT6 in NSCLC tissues, and the detection of their expression is of great significance in the judgement of clinicopathological features and prognosis of NSCLC patients.
Introduction
At present, lung cancer has the highest incidence among all types of cancers around the world, which is also the leading cause of death of cancer patients (1) . Non-small cell lung cancer (NSCLC) accounts for the majority of lung cancers. The prognosis of patients with lung cancer is still poor, and the 5-year survival rate after diagnosis is <16% (2) . According to NCCN guidelines, the postoperative 5-year survival rate of Stage-Ⅰ NSCLC patients for whom the radiotherapy and chemotherapy were not recommended after operation is only about 61.3%, and there are still a considerable number of patients who die within 5 years due to the local tumor recurrence or distant metastasis (3). Douillard et al conducted the large-scale clinical study and found that the postoperative adjuvant chemotherapy was helpful for the improvement of survival rate of some lung cancer patients with a high risk of recurrence and metastasis (4) . Therefore, screening the high-risk patients through evaluating the related factors to the prognosis of NSCLC patients, and providing adjuvant therapy in time are of great clinical importance in improving the 5-year survival rate of patients with early-stage NSCLC.
The new type of candidate tumor suppressor gene, Ras association domain family gene 1A (RASSF1A), is a kind of newly-discovered gene with speculated tumor-suppressing function, located in 3p21.3. This gene is expressed in the normal tissues, but there is a higher rate of expression loss in lung cancer and other tumors. It is found in the study that the lung cancer cell line A549 without the expression of RASSF1A after being transfected with this gene can reduce the cell clonal formation, inhibit the anchorage-independent growth, slow down the growth rate of transplanted tumor inoculated to nude mice and significantly reduce the pulmonary metastasis capacity of A549 cells (5, 6) .
As a key member in long-lived proteins, SIRT6 is closely related to the tumor formation and progression, which is also significantly associated with the survival rate of cancer patients. Studies have shown that SIRT6 shows a significant anticancer effect in lung cancer, especially in NSCLC. In NSCLC tissue and cell lines, mRNA and protein expression levels in SIRT6 are generally decreased (7) . Further studies have shown that SIRT6 can inhibit the proliferation of NSCLC cells by inhibiting Twist1 (7) .
This study aimed to detect the expressions of RASSF1A and SIRT6 in NSCLC tissues and normal lung tissues by immunohistochemical method, and investigated its relationship with clinicopathological features and prognosis of NSCLC patients. Methods. The samples were fixed with 10% neutral formalin immediately after surgical excision, followed by conventional paraffin embedding and serial section. The section thickness was 5 µm. Conventional immunohistochemical Super Pic Ture TM Polymer (Biosharp, Hefei, China) two-step method was used for detection according to the instructions. The high-pressure high-temperature thermal remediation was used for antigen retrieval. Rabbit polyclonal RASSF1A antibody (dilution, 1:100; cat. no. ab180801) and rabbit polyclonal SIRT6 antibody (dilution, 1:100; cat. no. ab135566) and secondary goat anti-rabbit (HRP) IgG antibody (dilution, 1:2,000; cat. no. ab6721) were all purchased from Abcam (Cambridge, MA, USA). Diaminobenzidine (DAB) chromogenic kit was purchased from Fuzhou Maixin Biotech. Co., Ltd., (Fuzhou, China). The known positive sections were used as the positive control and PBS as the negative control, instead of the primary antibody.
Materials and methods

Patients
Judgement of results. RASSF1A protein was mainly expressed on the membrane structure of cells. Positive SIRT6 was mainly expressed on the cell membrane and partially in the cytoplasm. The assessment and analysis were conducted according to the percentage of staining cells and staining degree: 10 high-power fields (x400) were randomly observed for each case, and 100 cells were counted in each field; the positive cell rate = positive cell count/observed cell count x 100%. Scoring standards of positive cell rate: ≤10% for 0 point, 11-25% for 1 point, 26-50% for 2 points, 51-75% for 3 points, and >75% for 4 points. Staining degree: yellow, 1 point; brown yellow, 2 points; and dark brown 3 points; the scores of positive cell rate and staining degree were multiplied to obtain the final score: 0 point for negative (-), 1-4 points for weakly positive (+), 5-8 points for moderately positive (++) and 9-12 points for strongly positive (+++). In the analysis, (-) and (+) were recognized as the low expression, and (++) and (+++) were recognized as the high expression.
Statistical analysis. SPSS 18.0 software (SPSS, Inc., Chicago, IL, USA) was used for data processing. The χ 2 test was used for intergroup comparison of enumeration data. Spearman rank correlation was used for the correlation analysis. Kaplan-Meier analysis was used for survival data, the survival curves were drawn, and the differences were detected by logrank test. COX risk model was used for analysis of prognostic factors. P<0.05 suggested that the difference was statistically significant.
Results
Comparison of the positive expression of RASSF1A and SIRT6 between the two groups. The positive expression rates of RASSF1A and SIRT6 in NSCLC group were lower than those in the normal group (P<0.01) ( Table Ⅰ) . In both groups, RASSF1A was mainly expressed on membrane structure (cell or nuclear membrane) and SIRT6 was expressed on the cell membrane; the positive expression of RASSF1A and SIRT6 was high expressioned in the normal group (Fig. 1) .
Relationship between expressions of RASSF1A and SIRT6 and clinicopathological features of patients in NSCLC group. The differences in expression intensity of RASSF1A and SIRT6 had no statistical significance between genders, ages, smoking habits, tumor sites and maximum tumor diameters. The differences in expression intensity of RASSF1A in NSCLC tissues had statistical significance under different pathological patterns of the tumor, tumor differentiation degrees and lymph node metastases. The differences in expression intensity of SIRT6 in NSCLC tissues had statistical significance under the tumor differentiation degrees, TNM stages and lymph node metastases (Table Ⅱ) .
Analysis of correlation between expression of RASSF1A and SIRT6 in NSCLC group. There was a positive correlation between expression of RASSF1A and SIRT6 in NSCLC group (r=0.532, P<0.01) ( Table Ⅲ) . The relationship between the expression of RASSF1A and SIRT6 and the prognosis of patients with NSCLC. A total of 122 NSCLC patients were followed up for 1-60 months with the median time of 44 months, and 3 cases were lost to follow-up. The 3-year survival rates of patients with high-expression RASSF1A and low-expression RASSF1A were 83.82% (57/68) and 40.74% (22/54), respectively; and the difference had statistical significance (log-rank χ 2 =18,992, P<0.01) (Fig. 2A) . The 3-year survival rates of patients with high-expression of SIRT6 and low-expression of SIRT6 were 85.71% (42/49) and 45.20% (33/73), respectively; and the difference had statistical significance (log-rank χ 2 =16,680, P<0.01) (Fig. 2B) . The 3-year survival rates of patients with high-expression RASSF1A and high-expression of SIRT6, and patients with low-expression of RASSF1A and low-expression of SIRT6 were 89.19% (33/37) and 34.55% (19/55), respectively; and the difference had statistical significance (log-rank χ 2 =24,385, P<0.01) (Fig. 2C) .
Multivariate COX regression model analysis. COX proportional hazard regression model was used for analysis with the gender (male=1, female=2), age, pathological pattern, tumor differentiation degree, maximum tumor diameter, whether there was lymph node metastasis (yes=1, no=2) and whether RASSF1A and SIRT6 were lowly expressed (yes = 1, no = 2) as independent variables and the survival time as dependent variable. The results showed that the low expressions of RASSF1A and SIRT6 and lymph node metastasis were the risk factors affecting the prognosis of NSCLC patients (Table Ⅳ) . 
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Discussion
RASSF1A is a relatively unique molecule in the RAS family. The expression of RASSF1A is usually reduced in the development process of malignant tumors (8) . The in vitro studies have also shown that RASSF1A can inhibit the proliferation, survival, invasion and metastasis of tumor cells (9-11).
Chen et al knocked out the RASSF1A genes in non-tumor cells in bronchus via RNA interference, and found that the decreased expression of RASSF1A could promote cell migration and invasion (12) . Huang et al found that the expression quantity of RASSF1A in lung cancer was significantly decreased with the increase of lung cancer infiltration (13) , and the expression loss of RASSF1A was significantly associated with the high stage, high infiltration, poor differentiation and high proliferation index of lung cancer, and the proliferation and growth of A549 cells with RASSF1A overexpression were significantly decreased (14) (15) (16) . Pastuszak-Lewandoska et al studied and showed that 64 out of 112 cases of primary NSCLC had no expression or low expression of RASSF1A, which was consistent with the results of this study (17) . In this study, RASSF1A was highly expressed in normal lung tissues and significantly decreased in NSCLC tissues, and its expression intensity was different under different pathological patterns of tumor, tumor differentiation degrees and lymph node metastases (17) . The positive expression of SIRT6 has the function of inhibiting tumor metastasis (18); the decreased expression or expression loss of SIRT6 and the decreased cell adhesion cause the infiltrative growth of cells to the peripheral region (7, 19, 20) ; once the necessary conditions for metastasis are obtained, cells can get out of the primary lesion, followed by invasion and metastasis.
In recent years, the studies on lung cancer and breast cancer, papillary thyroid carcinoma, bladder, prostate, colorectal and nasopharyngeal cancer have confirmed that the decreased expression of SIRT6 was significantly correlated with the tumor differentiation, invasion and metastasis (21) (22) (23) (24) (25) . In this study, SIRT6 expression was significantly decreased in most of the NSCLC tissues, and its expression intensity was different in different TNM stages, tumor differentiation degrees and lymph node metastases. The results of this study showed that the high or low expressions of RASSF1A and SIRT6 occur easily in patients with adenosquamous carcinoma, poor differentiation, high stage and lymph node metastasis, and the low expressions of RASSF1A and SIRT6 are the risk factors of poor prognosis of NSCLC patients. The expression of RASSF1A and SIRT6 in NSCLC tissues have a better correlation and consistency, suggesting that RASSF1A and SIRT6 play similar roles in the signal transduction pathway promoting the occurrence and infiltration of the tumor.
The low or no expression of RASSF1A in lung cancer may be mainly caused by the low acetylation of histones, and the significantly low expression of RASSF1A can be seen in lung cancer cell lines treated with histone deacetylase inhibitors. The low expression of RASSF1A can promote the migration and infiltration of bronchial epithelial cells, which activates the phosphatidylinositol 3-kinase (PI3K)-Akt signaling pathway mainly through the activation of serine/threonine protein kinase (Akt). Thaler et al found that RASSF1A deletion could promote tumorigenesis and tumor cell growth, and promote the occurrence of Akt signaling pathway in breast cancer cells (26) . Romano et al proposed that RASSF1A plays an important role in the migration and budding of endothelial cells and the formation of blood capillaries, and its partial mechanism is the inhibition of Ras/ROCK signaling pathway (27) .
Thus, it can be seen that the expression loss of RASSF1A may be one of the features of lung cancer cell infiltration, and its mechanism may be related to the activation of PI3K/Akt signaling pathway. Studies have also found that SIRT6 has an effect on tumor cell proliferation through mediating the activation effect of epidermal growth factor receptor on PI3K/Akt (28) . SIRT6 inhibits the proliferation and infiltration of NSCLC cells, which is realized possibly by downregulating the expression of Raf/MEK/ERK. When Raf genes are knocked out, the proliferation and infiltration capabilities of NSCLC cells are significantly decreased. It was observed that RASSF1A and SIRT6, to a certain extent, have the same effects in the signal transduction pathway of tumor occurrence and development.
